Abstract: A series of novel perfluoropropan-2-yl-based quinoline derivatives was designed and synthesized utilizing tebufloquin as the lead compound. The structures of all the newly synthesized compounds were confirmed by spectroscopic data 1 HNMR, MS and elemental analysis. The results of bioassay indicated that these compounds exhibited potent fungicidal activities against Erysiphe graminis. Especially, compound 8c displayed excellent activity with EC 50 value at 1.48 mg / L, which was better than that of the commercialized fungicide ---tebufloquin. The structure-activity relationship for these new compounds was also discussed.
Introduction
Fungicide, with its multiple functions including protecting crops from fungicidal threats and preventing the spread of human infectious diseases, increasingly plays an important role in agriculture. World's fungicide market is dominated by two kinds of compounds---strobilurins and triazoles [1] . However, given the increased application dose and frequency of fungicide, fungi have gradually grown resistance to strobilurins and triazoles, and thus, it is imperative to develop new fungicides. Quinoline derivatives are a group of nitrogen-containing heterocyclic compounds, the spectra of which demonstrate biological activities in weeding [2] , fungicidal [3] , insecticidal [4] [5] , antitumor [6] [7] , antiviral [8] [9] , anti-tuberculosis [10] [11] and antifungal [12] [13] [14] . With such an extensive range of biological activities, quinoline derivatives have strong existence in agriculture. For instance, tebufloquin has been being used as a fungicide, in order to further improve the fungicidal activity of tebufloquin, a lot of work has been done for the optimization of it [15] [16] [17] . Flometoquin in insecticides, and echinacol in herbicides. Besides a wide application, quinolines are also well known as green pesticides due to their low residue and small harm to the environment. Lastly, quinoline compounds were too worth attention because of the special structure-activity relationship: quinoline's biological activities change as the substituents on the quinoline ring and the number of substituents vary. In order to obtain better new pesticides, fluorine atoms and different substituents were introduced to organic molecules of pesticides is our good idea.
In our optimization program, we used tebufloquin as the lead compound because it has a broad spectrum of fungicidal activity. We also introduced fluorine atom because of its unique properties, such as electronic effect, infiltration effect, simulation effect and hindering effect. A series of perfluoropropan-2-yl-based novel quinoline derivatives were designed and synthesized through analog synthesis and substructure theory. As shown in Figure 1 , isobutyl was substituted by perfluoropropan-2-yl and side chains of R 1 , R 2 , R 3 and R 4 were revised until a more effective combination was found. Bioassay results show that compound 8c has higher fungicidal activity against Erysiphe graminis than tebufloquin does.
Results and discussion
The general synthetic method of the target compound is shown in Scheme 1. Yields have not been optimized. The synthesis of other compounds is similar to that of the representative compound, and all the reactions were carried out under protective condition by using dry nitrogen or calcium chloride tubes. 1 HNMR, MS and elemental analysis were used to identify and verify all synthesized target compounds. The fungicidal activities against Erysiphe graminis of target compounds are shown in Table 1 . The datum indicate that most of title compounds has excellent fungicidal activity against Erysiphe graminis at 500 mg/L and some even have high fungicidal activity under 50 mg/L. For example, compounds 8b, 8c, 8d, 8e and 8i have ≥ 95% fungicidal activity at 100 mg/L, and compounds 8b, 8c and 8i still have > 90% fungicidal activity at 50 mg/L. To further assess the activity level of title compounds, regression equations were calculated by selecting a portion of the compounds with high fungicidal activity. Concentrations of these compounds at their 50% maximal effect (EC 50 ) values are shown in Table 1 , and activity of tebufloquin is also presented in Table 1 . As exhibited in Table 1 , 8b, 8c, 8d, 8e and 8i showed a significant control effect against Erysiphe graminis, which was superior to tebufloquin. In particular, compound 8c has EC 50 values of 1.48 mg/L against Erysiphe graminis, which has the most prominent effect.
Although it is hard to draw exact structure-activity relationship from these data, the compounds still follow the rule that fungicidal activities vary as R =A3, the influence of R 1 moiety on improved activity is as follows: 5-CH 3 > 8-CH 3 > H. Therefore, the fungicidal activities may be summarized as follows: 8c > 8e ≈ 8d ≈ 8i > 8g > 9c > 8a > 8h > 9a. Further research on the structure and biological activity of this series of compounds is in progress.
Conclusions
In order to find efficient fungicides, a series of perfluoropropan-2-yl-based new quinoline derivatives were designed and synthesized. Most synthetic compounds showed good fungicidal activity. In particular, EC 50 of compound 8c against Erysiphe graminis was 1.48 mg/L, which was far superior to tebufloquin. Based on the above results, our research proved that this series of quinolines have great potential in fungicides development and worth further research.
Experimental Materials and Methods
Unless otherwise noted, solvents and reagents were used as received from commercial suppliers. 1 HNMR spectra were acquired with a Varian INOVA-300 spectrometer using TMS as the internal standard and CDCl 3 as the solvent. Mass spectra were obtained using a Agilent 5973-6890 gas chromatography-mass spectrometer (GC-MS) and a Agilent 1100 series liquid chromatography-mass spectrometer (LC-MS). Column chromatography was performed using a 200-300 mesh silica gel. Elemental analysis data were obtained with a Vario EL III from Elementar. Uncorrected melting points were taken in the WRS-1B digital melting points apparatus.
Synthesis of Ethyl 2-methyl-3-oxobutanoate (2a) and its analogue (2b).
Sodium hydride (60%, 4.4g, 0.11mol) was added to a solution of ethyl 3-oxobutanoate (13.0 g, 0.10mol) in tetrahydrofuran (150 mL). Methyl iodide (15.6 g, 0.11 mol) was added dropwise at room temperature. The reaction mixture was stirred for 18h at the same temperature until the staring materials was comsumed (monitored by TLC). The reaction mixture was poured into ice water followed by extracted with ethyl acetate. The combined organic layer was dried with anhydrous sodium sulfate, and solvent was evaporated under reduced pressure to afford 12.5g ( 82.3% yield, 94.7% purity) of a yellow liquid. 2b was synthesized in a similar method.
Synthesis of 2-Methyl-4-(perfluoropropan-2-yl)aniline (4b) and its analogue (4a, 4c and 4d)
To the mixture of tetrabutylammonium bromide (3.2g, 0.01mol) and methyl tert-butyl ether (90 mL) in water (100 mL), sodium dithionite (10.4g, 0.06mol), The mixture of compound 2a (8.6 g, 0.060 mol), compound 4b (8.2 g, 0.030 mol) and p-toluenesulfonic acid (6.2 g, 0.033 mol) in xylene (150 mL) was added to reaction apparatus equipped with a water trap. The reaction was heated under reflux for 6h until the staring materials was comsumed (monitored by TLC). The resulting mixture was cooled to room temperature. Then the resulting mixture was poured into ice water, and the resulted solid was formed. The solid was collected by filtration and dried to give 8.4g (76.8% yield, 92.7% purity) as a white solid. mp 198. 3.44 ; N, 3.97. 5a-5c and 5e-5f were synthesized in a similar method.
Tetrahydrofuran-3-yl carbonochloridate (7a) and its analogue (7b)
In 300ml of methylene chloride was dissolved diphosgene (117.6g, 0.60 mol) with stirring below -15°C. The mixture of pyridine (43.5g, 0.55 mol) and tetrahydrofuran-3-ol (44.0g, 0.50 mol) was added dropwise at the same temperature. The reaction mixture was stirred for 3-4h at -15°C. After the reaction was completed, dilute hydrochloric acid (40%, 50 ml) was added to remove the pyridine. Then the reaction mixture was poured into ice water followed by extracted with methylene chloride. The combined organic layer was dried with anhydrous sodium sulfate. Solvent was evaporated under reduced pressure to afford product of a light yellow liquid which was used directly without calculating the yield and purification. 7b was synthesized in a similar method.
Synthesis of Tetrahydrofuran-3-yl (2,3,8-trimethyl-6-(perfluoropropan-2-yl)quinolin-4-yl) carbonate (8c) and its analogue (8a-8b and 8d-8i)
The sodium hydride (60%, 1.6 g, 0.040 mol) was dissolved in N, N-dimethylformamide (100 mL) at room temperature. After stirring for 20 min, compound 5d (7.1 g, 0.020 mol) was added, and compound 7a (3.3 g, 0.022 mol) was added dropwise at the same temperature. The reaction mixture was stirred for 2h at room temperature until the staring materials was comsumed (monitored by TLC). The reaction mixture was poured into ice water followed by extracted with ethyl acetate. The combined organic layer was dried with anhydrous sodium sulfate, and solvent was evaporated under reduced pressure. The residue material was purified by silica gel column chromatography using petroleum ether and ethyl acetate (25: 1 / 10: 1 by volume) as eluent to afford compound 8c. Compounds 8a-8b and 8d-8i were synthesized by the similar approach.
Synthesis of 2,3,8-trimethyl-6-(perfluoropropan-2-yl)-4-(prop-2-yn-1-yloxy)quinoline (9b) and its analogue (9a and 9c)
The sodium hydride (60%, 1.6 g, 0.04 mol) was dissolved in N, N-dimethylformamide (100 mL) at room temperature. After stirring for 20 min, compound 5d (7.1 g, 0.02 mol) was added, and 3-bromoprop-1-yne (3.5 g, 0.03 mol) was added dropwise at the same temperature. The reaction mixture was stirred for 2h at room temperature until the staring materials was comsumed (monitored by TLC). The reaction mixture was poured into ice water followed by extracted with ethyl acetate. The combined organic layer was dried with anhydrous sodium sulfate, and solvent was evaporated under reduced pressure. The residue material was purified by silica gel column chromatography using petroleum ether and ethyl acetate (50: 1 / 30: 1 by volume) as eluent to afford compound 9b. Compounds 9a and 9c were synthesized by the similar method.
All the synthesized intermediates 4 and 5 were confirmed by MS. Due to the structural similarity, only intermediates 4b and 5d were further characterized and confirmed by 1 H NMR and elemental analysis respectively. Structures of the title compounds were supported by spectroscopic data shown below. Due to the structural similarity of the title compounds, only some representative compounds 8c, 8e, 9a and 9b, were analyzed and confirmed by 13 C NMR.
3-Butyl-2-methyl-6-(perfluoropropan-2-yl)quinolin-4-yl (tetrahydrofuran-3-yl) carbonate (8a):
Yield Cyclopentyl (2,3,8-trimethyl-6-(perfluoropropan-2-yl 2,3,8-trimethyl-6-(perfluoropropan-2-yl)-4-(prop-2-yn-1-yloxy) 
Biological Assay

Test Compounds
Stock solution of every test compound was prepared in DMF at a concentration of 1.0 g/L and then diluted to the required test concentrations (50-500 mg/L) with water containing Tween 80 (0.4 mg/L) [18] [19] [20] [21] .
Fungicidal activity
The fungicidal activities were tested using our previously reported method [22] .
